The clinical and electromyographic effects ofisoflurane were studied in eight myasthenic patients undergoing trans-sternal thymectomy. After inhalational induction of anaesthesia, intubating and operating conditions were good. Recovery from anaesthesia was rapid with minimal postoperative residual muscle weakness or respiratory depression. All patients were extubated within the first postoperative hour. Integrated electromyographic monitoring of the train-offour response of adductor pollicis demonstrated that myasthenics are more sensitive than nonmyasthenics to the neuromuscular depressant effects of isoflurane. Recovery of the integrated electromyographic response was incomplete despite a satisfactory clinical recovery.
the integrated electromyogram (lEMG) of adductor pollicis. METHODS Following hospital ethical committee approval, eight Chinese myasthenic patients who were to undergo trans-sternal thymectomy were studied. The patients were otherwise healthy. In all cases diagnosis had been made by EMG studies and a positive Tensilon test. Later in the study testing facilities for the presence of anti-acetylcholine receptor antibodies became available and these were present in the subsequent four patients.
The IEMG of adductor pollicis was recorded using the Monash Neuromuscular Block Monitor (Electromed Co, Armadale, Australia), following train-of-four (TOF) stimulation (2 Hz and 0.1 ms duration) of the median nerve at the wrist using skin electrodes. IEMG % TOF ratios were recorded before induction, at intubation, at thirtyminute intervals during the operation, at the end of the operation and one hour later. Between TOF recordings a single twitch stimulus repeated every 30s was used to avoid Anaesthesia and Intensive Care, Vol. 17. No. 4, NOl'ember. 1989 possible muscle fatigue. Intubating conditions were assessed according to the method of Young. 3 Preoperative anticholinesterase therapy was continued up to the time of surgery. Patients were premedicated with diazepam 10 mg orally, 90 minutes preoperatively. In the operating theatre the patients' body temperature was maintained by a heated water mattress. An intravenous and radial arterial line were inserted under local anaesthesia and the mouth and pharynx sprayed with 3 ml 4% lignocaine. Control IEMG recordings were made while the patients breathed 60% nitrous oxide in oxygen through a Magill anaesthetic circuit. Then isoflurane was added to the mixture and an inhalational induction performed. When clinically anaesthetised with a vaporiser setting of 3% isoflurane, lignocaine 100 mg IV was given to suppress coughing and the trachea intubated two minutes later. Following intubation, anaesthesia was maintained with a single bolus of fentanyl 3 Ilg/kg and 1.5% isoflurane in 60% nitrous oxide in oxygen. Ventilation was controlled and adjusted to achieve normocarbia. No 0 ~ et attempt was made to lighten anaesthesia towards the end of the procedure. At the end of the operation patients were transferred to the intensive care unit where ventilation was continued until spontaneous respiration returned. Once patients were awake (responding to a verbal command) and able to trigger a Servo 900D (Siemens-Elema, Sweden) ventilator breath with an inspiratory effort of -20 cm H20 they were allowed to spontaneously breathe 40% oxygen through a T -piece system incorporating a reservoir bag. Arterial blood gases were checked after 30 minutes on the T -piece. One hour after the end of anaesthesia the patients' suitability for extubation was assessed. The trachea was extubated if patients were awake, had a sustained grip strength, a minimum tidal volume of 5-6 ml/kg and were able to maintain a PaC02 of less than 50 mmHg and a Pa02 greater than 100 mmHg. After extubation the ability to cough and maintain a headlift for five seconds was tested. Thereafter 40% oxygen was delivered via a face mask.
Postoperative analgesia was provided by a morphine infusion at 1-2 mg/hour. Oral anticholinesterase therapy was reintroduced -severe generalised disease, bulbar involvement, elderly (seven patients) or recent acute onset of myasthenia (one patient). Histological examination of excised thymus tissue showed thymic hyperplasia in all cases. Induction of anaesthesia proceeded smoothly and was well accepted by the patients. The time from induction to tracheal intubation ranged from 5 to 8 minutes. Intubating conditions are presented in Table  3 . Since there was no movement in response to 5 2a 900 1.5 2a 600 surgery, operating conditions were satisfactory. Figure 1 depicts the IEMG % TOF ratios during anaesthesia and the recovery period. The T4: Tl ratio is expressed as a percentage. At extubation the mean % TOF ratio was 80.3% (SD 5.8%). Though not illustrated the single twitch responses at extubation ranged between 89% and 103%. Operating time averaged 125 minutes (range 120-140 minutes). The mean time to awakening was 17 minutes (range 5-30 minutes). All patients fulfilled the criteria for extubation and could cough and sustain a fivesecond headlift after extubation. The longest that a patient remained intubated was 60 minutes. The subsequent postoperative course in all patients was uneventful.
DISCUSSION
In general the most severely affected myasthenics are those with the greatest risk of postoperative ventilatory failure. 5 ,6 Additionally, the patients' condition and surgical approach to the thymus gland influence the need for ventilatory support. The reported need for postoperative ventilation following trans-sternal thymectomy ranged from 10%2 to 50%.5 The present study involved a small cohort of patients given the same anaesthetic and cannot be strictly compared with these studies in which various anaesthetic agents were used in a wider age range of patients. It should be stressed that patients in the study were young, had mild myasthenia and no concomitant cardiorespiratory disease.
Myasthenics are more sensitive than normal subjects to the neuromuscular effects of ether-type anaesthetic agents such as diethyl ether, methoxyflurane 7 and enflurane. 8 This study has demonstrated that myasthenics exhibit a similar effect with the ether, isoflurane. Non-myasthenic patients ventilated with 1.5% end-tidal isoflurane in nitrous oxide show a sustained response to tetanic stimulation up to 120 HZ.9 In the present study patients with mild myasthenia were unable to maintain a sustained response to TOF stimulation during maintenance anaesthesia with 1.5% isoflurane. The IEMG response was recorded in this study but there is a good correlation between the IEMG and mechanical recording methods. 10 The assessment of intubating conditions is a qualitative matter. In order to reduce the effect of observer bias and incorporate some objectivity in the assessment of intubating conditions the criteria of Y oung 3 were used. The findings relating to jaw relaxation and ease of intubation in this study are in keeping with a study in normal patients intubated using a similar technique but without IV lignocaine. II In the latter study intubation was accompanied by mild coughing or bucking in almost one-third of patients. The lack of response to intubation in the present study may have been due to the use of IV lignocaine.
Residual depression of the IEMG % TOF ratio was still present at extubation, though clinical recovery was complete. It has been noted that the electromyographic response does not always return to control during recovery 12 and it is therefore not clear whether the IEMG depression at extubation was due to residual anaesthetic action or an effect of the method of monitoring used. The usefulness of electromyography is therefore limited. Clinical assessment of muscle strength and Anaesthesia and Intensive Care. Vol. 17, No. 4. November, 1989 respiratory function is ultimately the basis for safe extubation.
In conclusion, myasthenics are more sensitive than normal to the neuromuscular depressant effects of isoflurane. Isoflurane provides good intubating and operating conditions without the need for muscle relaxants in myasthenics undergoing thymectomy. Recovery from anaesthesia is rapid and associated with minimal postoperative weakness or respiratory depression on clinical testing. These features of isoflurane enable early extubation and resumption of anti-cholinesterase therapy in patients with mild myasthenia gravis after trans-sternal thymectomy.
